The mean abundances of Mg, Si, Ca, Ti, Cr, and Fe based on both strong and weak lines of α Cen A are determined by matching the observed line profiles with those synthesised from stellar atmospheric models and comparing these results with a similar analysis for the Sun. There is good agreement between the abundances from strong and weak lines.
Introduction
The Alpha Centauri system has a special fascination for astrophysicists because it is the closest stellar system and its principle component, α Cen A, has a spectral type very similar to the Sun, G2V. α Cen A is also one of the brightest stars in the sky, enabling spectra with a high spectral resolution and high signal to noise to be obtained. Most past analyses have concluded that the metal abundance of α Cen A is greater than that of the Sun. Analyses, such as Furenlid & Meylan (1990) covering 26 elements from 500 lines and Neuforge- Verheecke & Magain (1997) investigating 17 elements, concluded that the average metal overabundance compared to the Sun is 0.12 ± (0.02-0.04) dex and 0.24 dex respectively. Another study (Chmielewski et al. 1992) concluded that α Cen A can be classed as a super metal rich star.
The importance of the present study is the use of the Anstee, Barklem, and O'Mara (ABO) theory (Barklem et al. 1998a ) to determine van der Waals damping (VDW) for collisional line broadening for α Cen A. The ABO theory provides precise theoretical damping constants (as demonstrated in recent results for the analysis of strong lines in the solar spectrum by Allende Prieto et al. 2001) , which enables the use of strong lines for which reliable laboratory f -values exist. Strong line wings are also relatively * Deceased.
insensitive to the effects of turbulence in the atmosphere. Thus strong line wings, together with the ABO theory, may be used as reliable abundance indicators for elements where such strong lines exist.
The choice of lines for this project follows the investigation of Allende Prieto et al. (2001) for the Sun and includes weak neutral, weak ionised, and strong lines for six elements: Mg, Ca, Si, Ti, Cr, and Fe.
We employ high quality coude echelle CCD spectra observed using the 74-inch telescope at Mt Stromlo Observatory. The mass, distance, luminosity, and colours of α Cen A are used to determine its effective temperature, T eff , and surface gravity, log(g s ), necessary to customise existing atmospheric models to match α Cen A. The model is based on Kurucz solar models (Kurucz 1979) . The customised model, along with relevant atomic data, are used to synthesise line profiles for α Cen A. Abundances are determined by matching the observed profiles, following determination of turbulence parameters. Steps are taken to verify the α Cen A model used. A solar model based on the Holweger-Müller model (Holweger & Müller 1974) is used to synthesise line profiles which are matched to the observational line profiles from the Jungfraujoch Atlas (Delbouille & Roland 1963) to determine the solar mean abundance. The solar and α Cen A mean abundances are compared to find the mean under-or overabundance for α Cen A.
ABO Collisional Line Broadening Theory
Collisional or VDW broadening is broadening resulting from the collision of atoms in the photosphere. It is especially important in cool stars such as our Sun and α Cen A that have predominately neutral hydrogen photospheres. This collisional broadening produces a Lorentzian line profile. The damping constant for collisional broadening is coll and is included when synthesising the line profiles.
As discussed in Barklem et al. (1998a) , until the 1970s formulations of VDW broadening developed by Lindholm (1942) , Foley (1946) , and Ünsold (1955) were used, and it was widely held that a better theory was needed. These theories deal with VDW interactions between perturbing hydrogen atoms and the absorbing atom. Although the term van der Waals broadening is still used today, it is really a misnomer as the actual line broadening theory is much more complex. Brueckner (1971) introduced a perturbation theory formulation that involved long-range interaction where the electron exchange could be neglected but not the overlap in the atomic charge distribution, a point taken up in O'Mara (1976) . O'Mara's work deals with collision broadening theory and draws from many sources to develop the beginning of what has come to be known as the ABO theory of line broadening. This theory has been further developed byAnstee, Barklem, and O'Mara (Anstee & O'Mara 1991 , 1995 Barklem & O'Mara 1997; Barklem et al. 1998b) . Further development of the ABO theory and its relevance to solar and late-type star abundances is ongoing with a code available on the world wide web (Barklem et al. 1998a ) to calculate VDW.
Observation and Data Reduction
Our spectra were taken on three separate observational runs in 1996 June/July and 2001 May on the 74-inch telescope at Mt Stromlo Observatory. The 120 inch focal length coude camera was used with a 31.6 groove mm −1 echelle, cross-dispersed with a 150 lines mm −1 grating. Several different wavelength settings of the echelle grating and cross-disperser grating were used to obtain almost complete wavelength coverage from 4000 to 8000 Å.
The signal to noise ratio (S/N) varied with order across the CCD because of vignetting resulting from the crossdisperser not being near a pupil. The CCD has a gain of two electrons per ADU and most of the exposures were aimed at about 60 000 electrons maximum. As the data are 60 000-180 000 electrons per resolution element, the nominal S/N ratio is 200-400. The actual resolution was 125 000 estimated by measuring the width (FWHM) of the line at wavelength 8252.379 Å from the thorium arc spectrum:
which corresponds to a velocity of 2.392 km s −1 . The reduction process included cleaning the raw spectra of cosmic rays and flat fielding. The spectral orders were extracted and any scattered light between the orders was removed. Extracted spectra from a nearby 'smooth spectrum' star, β Cen, were divided through the spectra of the target star, α Cen A, to eliminate lines arising from the Earth's atmosphere. A thorium arc spectrum was used for wavelength calibration purposes. The spectra were smoothed to reduce noise and the continuum level was flattened. The wavelengths were also corrected for the radial velocity of α Cen A.
The Atmospheric Models and Line Profiles
Line profiles were synthesised for each line of interest and used to determine the abundances by fitting to the observed line profiles. Parameters such as macro-and microturbulence,VDW damping, energy levels of the transitions, log g f values, and starting abundances were input to enable this direct matching process.
Two models and subsequent line profiles were used for α Cen A. Model AK is an interpolated Kurucz model (Kurucz 1979) grid; model AH is a scaled Holweger & Müller solar model (Holweger & Müller 1974) . Both models use the calculated values for α Cen A's effective temperature and surface gravity. These two models are compared to verify the validity of using the interpolated Kurucz model in this project.
The third model, SH, is the Holweger & Müller model (Holweger & Müller 1974) . This was used to synthesise line profiles to fit observed solar data obtained from the Jungfraujoch Atlas (Delbouville & Roland 1963) .
The initial models, based on published solar abundances, were used to compute line profiles to be compared with observations. If the line did not fit, the abundance of the element was adjusted and new number densities, opacities, and pressures were computed for a second iteration. This process was iterated to convergence yielding an abundance for each line. The temperature structure, T log τ , of the initial atmosphere was not adjusted.
Parameters and Calculations for the α Cen A Model
Atmosphere and Synthesised Line Profiles
Effective Temperature and Surface Gravity
Effective temperature, T eff , and surface gravity, log(g s ), are important parameters in the atmospheric model. In Table 1 we list the measurements and derived data for α Cen A and the Sun that were used to determine the surface gravities and effective temperatures and were computed using the following equations:
The derived values are in close agreement with those researched by other authors and are listed in Table 2 . For α Cen A the resulting values are T eff = 5784 ± 5 K and log(g s ) = 4.28 ± 0.01. A Blackwell & Shallis (1977) . B ESA (1997). C Ahrens (1995) . D Bessell et al. (1998) . E Demarque et al. (1986) . F Error insignificant.
Table 2. Comparison of parameters for α Cen A
Ref.
This paper 5784.3 ± 5.5 4.28 ± 0.01 1 4.35 ± 0.006 1.57 ± 0.3 1.25 ± 0.0024 1.085 ± 0.01 0.12 ± 0.06 Soderblom (1986) 5770 
Input Data for Line Profile Synthesis
The input data required for line synthesis are the energy levels, log(g f ), and VDW parameters taken from Allende Prieto et al. (2001, Table 3) , and the starting solar abundances from Grevesse & Sauval (1998, Table 4 ).
The parallax, π, and angular diameter, θ, were used to calculate α Cen A's radius:
The apparent magnitude was used to calculate the effective temperature with the following steps:
Non-Thermal Broadening Parameters
The non-thermal motions or turbulence that occur on a large scale compared with optical depth is macroturbulence, and on the small scale is microturbulence.
Macroturbulence
Macroturbulence will broaden the line profile but does not affect the line strength (equivalent width). The effects of stellar rotation (small) and instrumental profile are included as enhancements to the macroturbulence.
Several single lines and one blend of lines were chosen to determine the effective macroturbulence.Various values α Cen A's mean overabundance = 0.12 ± 0.06 dex were tested on each single line to see if a common value can be used to match the general shape of the observed line. When the value for the effective macroturbulence was determined, that value was used on the blended lines with no effect on the equivalent width of the synthesised line profile. The α Cen A value for the effective macroturbulence was determined to be 3.3 km s −1 . This includes 2.4 km s −1 due to instrumental effects and an atmospheric macroturbulence of 2.3 km s −1 . This indicates that most of the observed line broadening effects near the line core are from the large scale motions in the photosphere. Natural, Stark, and rotational broadening are insignificant for the lines chosen for this study.
The effective macroturbulence to match the line profiles from the AH solar model to the observed solar data is 1.6 km s −1 .
Microturbulence
Values for the microturbulence were determined by using weak neutral, weak ionised, and strong Fe lines. The values fitted are 1.08 ± 0.2 km s −1 for α Cen A with the AK model and 0.85 km s −1 for the Sun with the SH model.
Validity of the Model
To judge whether the interpolated model AK is valid, comparison with an empirical model based on observations is useful.
The equivalent widths and profiles from model AK were compared to those produced with model AH, a scaled solar empirical Holweger & Müller model (Holweger & Müller 1974) . Eight lines were chosen and a good match of line profiles and equivalent widths was obtained.
Another method for comparing the validity of model AK is to plot T log τ versus log τ o for both models. As can be seen from Figure 1 there is close agreement for log τ o in the range −3 to +0.6. This is the range of optical depths that is covered in this research. A direct comparison can be seen in Figure 2 where a strong line, Cri at 4801 Å, for both models has been overlaid and matches exactly.
Analysis

Determining the Mean Abundance
Fitting the shape of the synthesised line profiles from model AK against that of the observations is straightforward for most of the lines. For all lines, care was taken to ensure that the areas of the synthesised and observed line profiles were equivalent, allowing for differences in the exact matching of the line profile's core and wings. For two very weak lines and all the strong lines, extra care was needed. In the case of the strong lines, the core and wings could not be matched simultaneously. In this case, the wings were matched, as per the ABO theory, and the core of the model's line profile was extended as low as possible. Care was taken that this technique was followed in both models' line profiles for those lines affected.
As can be seen in Figure 3 the right hand wing of the line profile for the observed data for α Cen A is higher than that of the synthesised line profile. This does not happen in the Sun's line profile. The problem then is with the reduction process. Care was taken to ensure that features like this were compensated for in the determination of the abundances.
Results
The mean abundances were determined from 1 Mg, 7 Ca, 9 Si, 13 Ti, 6 Cr, and 22 Fe lines. Each element is represented by species that cover weak neutral, weak ionised, and strong lines, except for Mg which is represented by one strong line. α Cen A shows a mean overabundance of 0.12 ± 0.06 dex. The error was calculated from the variations in the individual species abundances.
These abundances are larger than those used for starting abundances from Grevesse & Sauval (1998) . The individual equivalent widths W λ , abundance A, and abundances A for α Cen A and the Sun are listed in Table 3 . The mean abundance A , the mean abundances A , along with the starting abundances for α Cen A and the Sun for each element and the final mean overabundance, are listed in Table 4 .
Summary and Discussions
The mean abundance for the six elements investigated in the chemical composition of α Cen A are Mg = 7.9 1 , Ca = 6.46 ± 0.09, Si = 7.66 ± 0.07, Ti = 5.07 ± 0.09, Cr = 5.88 ± 0.16, and Fe = 7.71 ± 0.20 dex. This leads to a mean abundance of 0.12 ± 0.06 dex with respect to the Sun. 1 Only one line was analysed, hence there is no error value.
Previous studies were not able to use strong lines as no reliable theory existed to calculate the collisional broadening of these lines. For this project the development of the ABO theory (Barklem et al. 1998a ) to calculate the VDW damping enabled us to use strong lines in determining the mean abundances of α Cen A compared to the Sun.
The α Cen A parameters used are T eff = 5784.3 ± 5.5 K and log(g s ) = 4.28 ± 0.01. Two models for α Cen A were used, with the second one (AH) a scaled solar model for comparison with the first (AK) to verify the validity of using an interpolated Kurucz model (Kurucz 1979) . Once the use of model AK was validated, this model was used to synthesise line profiles for α Cen A to match the observed line profiles. Solar abundances were determined from comparing observed line profiles from the Jungfraujoch Atlas with those of the Holweger-Müller solar model (Holweger & Müller 1974) .
The result of this study, that α Cen A is overabundant with respect to the Sun and can be included with other metal rich stars, agree with those of previous studies (Noels et al. 1991; Chmielewski et al. 1992; Neuforge 1993; Neuforge-Verheecke & Magain 1997) with an exact agreement of mean overabundance of 0.12 ± 0.06 dex by Furenlid & Meylan (1990) . This mean overabundance indicates that α Cen A did not originate in the same cloud as the Sun but from material that is more enriched by stellar nuclear processing.
Previous studies did not use strong lines or the ABO theory. Our results support the determination that reliable abundances can be derived from strong lines provided that the ABO theory is used to calculate the VDW damping.
By using the ABO theory for strong lines, the analysis of spectra, construction of model atmospheres and the subsequent synthesised line profiles, and the chemical composition of apparently faint stars, such as those in external galaxies, can be determined. All galaxies contain cool F-, G-, and K-type stars whose spectra contain strong metallic lines. Previously these lines were not able to be used for absolute abundances due uncertainties in the theory for calculating the VDW damping. With the ABO theory now firmly established and reliable model atmospheres existing for cool stars, it will be possible to extend reliable abundance analyses to more and more distant galaxies using strong lines.
